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According to Hanks (*55), Earle and his associates were the first to
develop cellular suspensions which contained a known number of cells.
Investigators interested in cancer research have used standardized cell
suspensions for nutritional, p<4>ulation and metabolic studies and for
quantitative studies on the relationship between cells and pathogenic
agents.
Tissue culture is one of the tedtniques by means of «dtich normal and
neoplastic cells may be exposed to an agent under conditions favorable for
their growth and maintenance. An ^ vitro test is a useful means by vdiich
anti^tumor agents can be screened for in vivo studies.
The purpose of this investigation was to test the effects of 0-diazo-
acetyl-L-serine (azaserine) and 5-Fluoro-2-deoxyuridine (FIDR) on the cells




Cancer researdi investigators are currently seeking diemical agents ef¬
fective in the treatment of neoplasia* Stock (*50) stated that* because of
the insufficient knowledge of differences between normal and cancer cells»
many of the compounds tested for anti-tumor activity have been tried empiri¬
cally^ Compounds are now diosen on a more rational basis* Substances are
tested «diich are related in structure to the few c<»pounds already known to
exhibit some anti-tumor effects, such as antimetabolites and other agents
which are known to have some striking effects on biological systems*
Sarcoma 180 is one of three tumors selected for screening by the Cancer
Chemotherapy National Service Center (CCNSC) (*59)* According to Stock
(*50), Karnofsky considered S180 for screening because it is a solid tumor
of average sensitivity* It is routinely transplanted with 100^ success,
grows rapidly, the regression rate is low in short term tests and an inbred
strain of mice is not required#
The lack of an exact method for the measurement of cell growth in quan¬
titative tissue culture studies has been a determent to investigators. A
procedure has been developed by Sanford, Earle, Evans, Waltz and Shannon
(*51) in whid) cell nuclei may be quantitatively removed from the culture
substrate, stained, suspended in a known volume of fluid and the nuaber of
nuclei present in an aliquot of the suspension enumerated. Fourteen milli¬
liters of 0*1M citric acid were warmed to 37 degrees centigrade and added
to each culture grown in two milliliters of culture fluid in a T-12 flask*
The culture was incubated at 37 degrees centigrade for one hour and centrif¬
uged for 20 min* at 1000 RPM. One milliliter of 0*19$ crystal violet dissolved
2
3
in O.IM citric acid wat added to each flask after 12 ml. of supernatant
liquid had been withdrawn with a long tipped pipette. The flask was shaken
by hand after idiich the cells were washed three or 4 times with the citric
acid solution. The suspension was transferred to a 10 ml. cylinder and
centrifuged at 1800 RPM for 20 min. One half of the volume was replaced
with 0.59^ of methocel. The volume was diluted to yield 300,000 nuclei per
ml. The suspension was transferred to a 30 ml. beaker which was constantly
agitated during the withdrawal of the contents with a counting pipette. A
sample was disdiarged into one chamber of a hemacytaSeter positioned on the
microscope stage. The number of nuclei per culture was calculated from the
following formula.
Total no. of nuclei counted X Total vol. of suspension in cu. mm.
Volume of saiqple counted in cu. mm.
s number of nuclei per culture.
In mouse ascites tumors, the Total Packed Cell Volume (TPCV) has been
used as a measure of growth retardation by Sassenrath (*58). This type of
measurement is considered comparable to the parameter of the total weight
of solid tumors. The reduction of TPCV of ascites tumors is one criterion
suitable for cancer chemotherapy screening.
Earle, Schilling, Bryant and Evans (*54) demonstrated that it was possi¬
ble to establish rapidly proliferating fluid suspension cultures of pure
Strain L cells from the mouse. They stated that this could be accomplished
if particular attention were given several factors! the viscosity of the nu¬
trient fluid, agitation of the cell suspension and cell population* The
significance of eadi is as follows. (1) The increased viscosity is helpful
in maintaining the cells in suspension. The increase is accomplished by the
addition of methylcellulose. (2) Agitation is necessary to maintain the cells
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in suspension and to insure adequate oxygenation and flow of nutrient over
the cells* (3) An adequate starting cell population is desirable to over¬
come the initial lag phase of the cells in culture*
Youngner (*54) reported on a method for preparing trypsin-di^ersed kid¬
ney cell suspensions* The procedure was adaptable to the disaggregation of
other types of cells* The cortical ax«a of kidneys removed from rhesus and
cynomolgus monkeys was cut into pieces and washed with a phosphate buffered
saline solution in order to remove the erythrocytes* The cells were suspended
in 20 ml. ef a 0*25^ solution of trypsin and incubated at 37 degrees centi¬
grade for 10 min* after vdiich the trypsin solution was discarded and 20 ml*
of fresh solution were added to the cells from each kidney* The solution
was mixed in a Waring blendor at a low speed for 10 min., after vdiich 8 to
10 extractions were made. The supernatant fluid from each extraction was
pooled* The suspension was centrifuged at 1000 RPM for 5 min* The cells
were washed three times and diluted with a basal medium to make a ItbO dilu¬
tion*
The cell count was detexmined by enianeration of nuclei according to the
method of Sanford et al.. (*51). Culture tubes were inoculated with 0*5 ml*
of suspension tfdiich contained approximately 300,000 cells. The tubes were
incubated at 36 degrees centigrade for 6 or 7 days* These procedures yielded
quantitatively standardized cell suspensions vdiidi may be used in the prepa¬
ration of large numbers of replicate cultures for cancer diemotherapy screen¬
ing*
The isolation and continuous propagation of S180 in media directly from
bi^sy specimens were recorded by Foley and Drolet (*56). Biopsy specimens
were prepared according to the method of Youngner (*54). Aliquots of the
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suspension were inoculated into three milliliters of Eagle's medium for
HeLa cells and L Strain mouse fibreblasts. A series of experiments were
performed* Some were supplemented with 10^ human serum and others with 109^
horse serum* Two per cent beef embryo extract was added to the basal sub¬
strate and the cells were studied in replicate experiments in whidi both
media were employed* For quantitative studies, the cells were counted with
the hemacytometer* The cells were p\Jt in culture tubes and incubated at 37
degrees centigrade*
The investigators observed that the cultures grown in media s^pplemented
with 10^ human senan and two per cent beef embryo extract grew poorly, idiile
cultures grown in media with IQSli horse serum and two per cent beef embryo
extract grew very well. After the 4th transplant on glass, the beef embryo
extract was no longer required*
At the time of this report, the cells had been transplanted for the 32nd
time* Subcutaneous inoculations of 1*0 X 10^ cells prepared from cultures
after 215 days in vitro produced palpable tumors in 1009$ of the mice inocu¬
lated within three to 5 days*
The (XNSC (*59) specifications for screening in tissue culture states
that stock cultures of cells should be refed 24 hrs* before being used for
testing agents in cell suspensions* Substances to be tested should be used
at concentratibnt of 0*1, 0*01 and 0*001 gm/ml*
According to Biesele, Berger and Clarke (*52), 2,6-diaminopurine was
fotmd to be toxic to mouse sarcoma cells in tissue culture* However, a year
earlier, they had found that Crocker mouse S180 in mice was not inhibited by
2,6-diaminopurine administered at a level of 60-70 mg/kg* Their investiga¬
tion was undertaken for the purpose of testing a series of purines on SIBO
cells in vitro in order to find agents of greater selectivity of damage to
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the sarcoma cells* The tests also helped the investigators to establish
the nature and position of substituents on the purine nucleus for maximum
effectiveness*
(Xiltures were incubated overnight at 37 degrees centigrade to detexnine
if they were healthy. The healthy cultures were inoculated with the test
material* The test materials were used in several final concentrations*
There were two or three screening culture tubes for eadt concentration*
The culture tubes were incxibated in a rotating drum. The selectively dam**
aging confounds were among the 6*aminqf>urines and the 2,6^iaminopurines*
The most effective were the adenines substituted in position two* According
to Biesele (*54), Qtmsbee and his colleagues recognized that a given compound
might have certain effects on cancerous tissue, cultured in vitro* that are
not observed in the animal* For this reason it is important to detezmine
how reliable a compound may be when tested in vivo, based on results in tis>
sue culture* The procedure used was the same as described above by Biesele
et al*« (*52). The coaipourxis included agents whidi inhibited the growth of
S180 in mice, related compounds of slight inhibitory power and ineffective
analogs* Damage to the cells was assessed on the basis of rounding up, gran¬
ularity, disintegration and the inhibition of outgrowth beyond that before
administration of the agent* Mitotic and p^notic nuclei were observed in
the outgrowth* Mitotic inhibition was nearly complete in S180 cultures dosed
with 2,6-diamiory>urine but a greater margin of inhibition was observed with
6-mercaptopurine*
After comparing the results obtained with a series of reference compounds
in mammalian cell cultures and ndcrobiological assay systems with those ob¬
tained with experimental tumors ^ vitro* Foley, Eagle, Snell, Kidder and
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Thayer (*58)y conclijded that large scale studies to deteinine the usefulness
of mammalian cell cultures and microbiological assay systems in the primary
screening of candidate anti-tumor agents were warranted*
In the process of seardiing for materials vdiich retard growth of trans¬
plantable neoplasms in animalSy a crude filtrate from a culture of a
Streotomyces was selected by Stock, Clarke, Reilly, Rhoads and Buckley (*54)
for test against S180. It was found to possess potent anti-tuaor activity*
Bartz, Elder, Frohardt, Fusari, Haskell, Johannessen and Ryder (*54) iso¬
lated and characterized this antibiotic substance and detezmined that it was
a substituted D-serine, 0-diazoacetyl-L-serine and called it azaserine*
Eagle and Foley (*56) tested the effects of azaserine on S180 cells grown
in Eagle's basal medium. The final concentrations varied in half-log steps
from 10 mM down to 0*000001 mM* IWo or three culture flasks were fed with
each of the feeding solutions which contained varying concentrations* The
same fluid was replaced after two, 4, 5 and 6 days* The experiment was ter¬
minated between the 5th and the 8th-day* The cells were washed and their
protein contents detezmined with a phenol reagent as described by Oyama and
Eagle* Fifty per cent Inhibition of Growth **0$ 0*00027 and the average
cytotoxic activity was 740*
In another investigation, Foley and Eagle (*58) prepared monkey kidney
cultures, as described by Youngner, and tested the inhibitory effects of a
variety of cytotoxic and anti-tumor agents* The approximate ID^ for aza¬
serine was found to be lO'^gm/ml*
According to Skipper, Bennett and Schnabel (*54), azaserine is an in¬
hibitor of novo purine synthesis* They found that it was unable to com¬
pletely inhibit tumor growth because it blocked only one of two pathways of
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purine nucleotide synthesis*
According to Henderson, LePage and Mclver (*57), clinical trials by
Ellison and his colleagues indicated that azaserine produced deleterious
side effects in animals whidi complicated its use as a di«notherapeutic
agent* Ninety-seven per cent inhibition resulted from a 0*2ugm* dose*
Cytotoxicity studies were made by ^ith, Lummis and Grady (*59) vdth
antibiotics, chemicals and solvents* Azaserine was foiand to have an ID^
of 2*0ugm/ml*
A number of unknown 5-Fluoropyrimidines and their 2-thio derivatives
were synthesized by Heidelberger, Chaudhuri, Danneberg, Mooren, Griesbach,
Duschinsky, Schnitzer, Scheiner and Pleven (*57)* Attention was focused on
the pyrimidines because of the suggestion that uracil could be utilized
preferentially for nucleic acid biosynthesis in tumors* These investigators
found that 5-Fluoro-uracil and 5-Fluoro-orotic acid demonstrated growth in¬
hibitory activity on S180 and several other tumors*
As reported by Heidelberger, Griesbach, Montag, Mooren and Cruz, (*58),
5-Flouro-uracil, 5-Fluorouridine and 5-Fluoro-2-deoxyuridine, (FU), (FUR),
(FUDR) respectively, have an inhibitory effect on tumors* Tracer stixiies
demonstrated that these compounds selectively depressed the incorporation
of labeled precursors into the thymine of deoxyribonucleic acid (DNA)*
Rich, Bolaffi, Knoll, Cheong and Eidinoff (*58) studied the effects of
FUDR on the utilization of isotopically labeled precursors for nucleic acid
pyrimidines of huaan cervical carcinoma cells grown vitro in a medium
which contained thymidine as a reverser of growth inhibition* Results indi¬
cated that complete growth inhibition by FUDR was reversed by an approxi¬
mately equivalent concentration of thymidine* This stq^ports the hypothesis
that a block in the pathway leading to DNA-thymine may be the principle cause
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of grourth iiAibition by FU and FUR whidt suggests that they produce meta¬
bolic blocks at sites essential to growth*
Additional studies^ by Ridi and Eidinoff (*59), indicated that vdien the
period of incubation of human cervical carcinoma cells in a thymidine-
supplemented medium plus FUDR was increased beyond 24 hrs<y the cells lost
their ability to multiply*
CHAPTER III
MATERIALS AND METHCDS
Stock cultures of Crocker mouse sarcoma 180 cells and Eagle's Minimum
Essential Medium (MEM) with 10^ horse serum were obtained from the Micro-
biological Associatesy Bethesda, Maryland. Leighton tissue culture tubes
and tissue culture tube racks were purchased from Bellco Glass Inc.,
Vineland, New Jersey. The OCNSC very kindly contributed the agents tested,
azaserine and FUDR.
The 0.25^ solution of trypsin, O.IM solution of citric acid, 0.1^ so¬
lution of crystal violet and the 0.59^ solution of raethocel were prepared
in the Atlanta University Biological Laboratories. Instruments, test tubes
and other glassware used were placed in cannisters and sterilized by dry
heat for two hours at 150 degrees centigrade or autoclaved at 121 degrees
centigrade under 15 lbs. of pressure for 30 min.
The experiments were perfoxmed under aseptic conditions in a constant
temperature room. The cells were collected from the Lei^ton tubes by
trypsinlzation. Four milliliters of a 0.25^ solution of trypsin in MEM,
wazmed to 37 degrees centigrade, were added to eadi culture tube. The tubes
were stoppered and incubated at 37 degrees centigrade for 5 min. At the end
of this period, the culture tubes were removed, shaken by hand and the con¬
tents pooled. The trypsinized cells were centrifuged at 1000 RPM for 5 min.
and resuspended in MEM. The suspended cells were counted with the aid of a
Bright-Line hemacytometer and the cell suspension was diluted with MEM so
that there were 50,000 cells per ml. Ead) culture tube was Inoculated with
one milliliter of this cell suspension, one milliliter of MEM which con¬
tained the test material and 100 units of pencillin. The culture tubes were
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incubated horizontally without agitation at 37 degrees centigrade for 5 days*
Three types of experiments were carried out with the azaserine and FUDR,
each of which was accompanied by a control group* Series I*—This series
consisted of 15 culture tubes* 5 each for azaserine* FUDR and the control*
••2
Azaserine was used at a concentration of 1*73 X 10** gm/ml. and FUDR at a
concentration of 2*46 X 10 gm/ml* Series II*—This series consisted of
15 culture tubes* 5 each for azaserine* FUDR and the control* Azaserine was
used at a concentration of 1*73 X 10*’^ gm/ml* and FUDR at a concentration of
2*46 X 10 gm/ml* Series IlI*-»This series consisted of 15 culture tubes*
5 each for azaserine* FIX)R and the control* Azaserine was used at a concen>
tration of 1*73 X 10“^ gm/ml* and FUKl at a concentration of 2*46 X 10“^
gm/ml*
The cultures were examined and fed with MEM* vdiich contained the appro¬
priate concentration of test material* on the second and 4th-day* The teste
were terminated on the 5th-day and the cell nuclei in each culture tube were
counted*
Four milliliters of 0*1M citric acid* warmed to 37 degrees centigrade*
were added te eadi culture tube* The culture tubes were st^pered* Incubated
at 37 degrees centigrade for one hour and shaken vigorously by hand* The
suspensions were transferred to centrifuge tubes and centrifuged for 20 min*
at 1*100 RPM* Three milliliters of the supernatant liquid were withdrawn
with a long pipette and discarded* One milliliter of 0*1^ crystal violet was
added to eadi tube* The tubes were shaken and 6 ml. of 0*1M citric acid were
added* The tubes were centrifuged at 1*800 RPM for 20 min.* 6 ml* of the
supernatant were ronoved and 6 ml. of the 0*5^ solution of methocel were
added to the tubes* The cell suspension was transferred to a 30 ml* beaker
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which was constantly shaken during the withdrawal of the contents into the
counting pipette* A sample of the suspension was discharged into one cham¬
ber of the hemacytometer positioned on the microscope stage* The nuclei
in the 9 one mm* squares of the hemacytometer were counted* The number of
nuclei per culture was calculated from the following formula vdiich was in¬
dicated above*
Total no* of nuclei counted X Total vol* of suspension in cu* mm.
Volume of sample counted in cu. mn*
- nuonber of nuclei per culture*
CHAPTER IV
EXPERIMENTAL RESULTS
A series of three tests were performed. Five culture tubes were used
for eadi concentration of the agent tested. Each agent was tested at
three concentrations. A set of control cultures were used for each series.
The experimental and control tubes contained 50,000 cells per ml.
Series I.—This series consisted of 15 culture tubes, 5 each for aza-
serine, FIDR and the control. Azaserine was used at a concentration of
1.73 X 10~^ gn/ml. and FIDR at a concentration of 2.46 X 10 ^ gm/ml. There
were no nuclei counted for the culture tubes which contained azaserine and
FUDR. ITie average terminal count for the control culture tubes was 397,777
nuclei per ml.
Series II.—>Thi8 series consisted of 15 culture tubes, 5 each for aza¬
serine, FUDR and the control. Azaserine was used at a concentration of
1*73 X 10”^ gm/ml. and FUDR at a concentration of 2.46 X lO"^ gm/ml. The
average terminal count was 13,333 nuclei per ml. for azaserine, 53,332
nuclei per ml. for FUDR and 379,999 nuclei per nd. for the control culture
tubes.
Series III.—This series consisted of 15 culture tubes, 5 each for aza¬
serine, FIDR and the control. Azaserine was used at a concentration of
1.73 X 10*^ gm/ml. and FUDR at a concentration of 2,46 X 10*^ gm/ml. The
average terminal count was 35,555 nuclei per nil. for azaserine, 75,555 nu¬
clei per ml. for FUDR and 399,777 nuclei per ml. for the control culture
tubes.
Microscopic examination revealed no significant differences in the sus¬
ceptibility of the S180 cells to either agent. The cells exposed to
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azaserine and FICR exhibited a change in shape* an increase in granaiation
of the cytoplasm, disintegration and pyknosis of their nuclei. The higher




The ultimate aim in cancer chemotherapy is to destroy the biochemical
characteristics of tunor cells* This can be accooqclished by agents which
have a high selective toxicity for these cells* In testing a series of
conpounds vdiich were known to show carcinolytic action on animal tumors,
Eagle and Foley (*56) found that the average cytotixic activity on S180
for azaserine was 740 and that the ID^q was •00027mM* In a similar inves*
tigation. Smith, Lummis and Grady (*59) found azaserine to have an ID^q of
2«0ugm/ml*
The results of this investigation indicate that the growth rate of
S180 cells is markedly affected by the addition of different concentrations
of azaserine and FUDR to the medium. Cell counts for Series I show that
azaserine and FIDR caused 100^ inhibition of growth at concentrations of
• ImM each* Azaserine had an ID^^ *01mM and FUDR had an IDg^ at .OlmM
in Series II* The least amount of Inhibition occurred in Series III* This
series contained azaserine and FUDR at concentrations of *001mM each* At
this concentration, azaserine had an ID^j^ and FUDR an ID^q* This data indi¬
cate that all three concentrations of both agents used were highly toxic*
Azaserine and FUDR varied in their cytotoxicity. Azaserine was more
toxic than FUDR* Microscopic examination revealed no significant differences
in the susceptibility of the S180 cells to either agent* In a study of cel¬
lular sensitivity to drug action in tissue culture, Verne (*54) found that
signs of poisoning of a culture of cells are the slowing and stopping of its
growth and cellular changes. Biesele (*58) stated that S180 cells withdrew
their processes, became more granular, and disintegrated to some extent after
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treatment with .ImM of 2,6-diaminopurine. In this investigation, cells
exposed to azaserine and FUDR exhibited a change in shape, an increase in
the number of cytoplasmic granules,disintegration and pyknosis of their
nuclei.
It would seem that the data resulting from this investigation support
previous findings that azaserine and FUDR are inhibitory agents of S180




!• The effects of azaserlne and FUDR in a synthetic medium have been
studied for cytotoxic activity on S180 cells cultured in suspension
for 5 days*
2, Azaserlne and FUDR were each tested at concentrations of O.lmM, O.OlmM
and O.OOlmM*
3* Both agents have a hig^ selective toxicity for S180 cells cultured in
suspension. Cell counts indicated that azaserlne was more toxic than
FUDR,
4* Azaserlne and FUDR varied in their cytoxicity, but microscopic exami¬
nation showed no difference in the susceptibility of the S180 cells
to either agent*
5* Cells exposed to azaserlne and FIDR exhibited a change of shape, an
increase in the niniber of cytoplasmic granules, partial disintegration
and pyknosis of their nuclei*
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